INTRODUCTION
============

Diabetes is a major chronic disease, and its prevalence rate is continuously increasing worldwide. It also causes a variety of microvascular complications and acts as a major risk factor in cardiovascular diseases. Therefore, control of those chronic complications is a critical step in diabetic patients, and it can be achieved by strictly managing the level of blood glucose.[@B1]-[@B5] American Diabetes Association (ADA) and European Association for the Study of Diabetes (EASD) defined the diabetes and suggested the standards of medical care in diabetes including pharmacologic treatment, medical nutrition therapy (MNT) and physical activity. For instance, if the level of hemoglobin A1c (HbA1c) does not reach 7% for a certain period after treatment of metformin in combination with lifestyle change (MNT and exercise), they recommend additional medication such as sulfonylurea, insulin, or pioglitazones. Nevertheless, if HbA1c targets are not achieved, treatment intensification is based on the addition of another agent from a different class and maintenance of lifestyle modification.[@B6] However, most individuals have hard time to continuously carry on restriction of food intake and regular exercise activity even if they are clinically diagnosed as diabetes. Furthermore, physicians in busy outpatient clinics cannot coerce patients to keep the lifestyle modification, and also cannot evaluate and control them from many coexisting comorbidities, which generally lead to high glucose level.

Because of these above-mentioned reasons, physicians openly recommend patients to take high dose of oral hypoglycemic agents (OHA) and additional insulin therapy rather than reversible approach such as lifestyle modification to effectively control glucose level. However, patients sometimes refuse to accept this medication change or insulin treatment. There is no report on a significant change of blood glucose after reemphasis on the importance of lifestyle change in diabetic patients whose HbA1c levels were not properly controlled and who refused additional medication.

In this study, we examined how reemphasis on the importance of lifestyle modification influences glycemic control in type 2 diabetic patients who were reluctant to undergo additional medication.

MATERIALS AND METHODS
=====================

Patients
--------

The study involved patients with type 2 diabetes (n=75) who visited the outpatient department of endocrinology and metabolism in our hospital (Gyeongsang National University Hospital) from Oct. 2010 to Jan. 2011 and refused additional medicines and kept HbA1c levels of 7.0-9.0% although they were treated with OHAs for over 3 months. However, this research was carried out with only 51 patients who did not follow diet control or regular exercise at the beginning of the study. We excluded 24 patients who carried out both diet and exercise, who were under 95% in the drug compliance, who were undergoing treatment for hyperthyroidism or a malignant neoplasm, who were taking steroids, who needed operation and hospitalization due to infectious diseases or myocardial infarction 6 months prior to the start of this study, and who did not agree with this study or did not revisit the hospital 3 months later, although they signed for this study.

Methods
-------

For the patients who agreed with this study, we verified and examined age, gender, duration of diabetes, drinking, smoking, education, occupation, family history of diabetes, level of HbA1c 3 months ago, height, and weight through interview or medical records. We surveyed daily diet and exercise of the patients and asked \"you have to control your diet\" or \"you have to do more exercise\" based on survey data when the patients who had hard time to keep diet and exercise under control.

In the survey for diet, we asked the patients to select the following 4 answers to the question \"Did you keep your daily adequate calories in diet?\", 1) I did not try to control the diet and had unlimited extra meal, 2) I had several extra meals and ignored daily adequate calories, 3) I tried to keep daily adequate calories as possible as I can, and 4) I followed exact daily adequate calories as prescribed. In the survey for exercise, we asked the patients to select the following 4 answers to the question \"how long did you exercise so as to bedrenched in sweat on your back per week?\", 1) none, 2) less 60 min a week, 3) 60-150 min a week, and 4) more than 150 min a week. We considered the patients who chose answer \#1, or \#2 from the both above questionnaires as a candidate for this study, because they did not properly carry out diet or exercise control. We examined HbA1c levels three months later and asked them to answer to questionnaires again to confirm how they carried out the diet and exercise control. We considered it \"improved\" if HbA1c levels were decreased more than 0.3% compared with the values at the beginning of study, \"aggravated\" if they were increased more than 0.3%, and \"not changed\" if they were at the range of -0.3%\<ΔHbA1c\<0.3%. We re-categorized the patients according to the lifestyle modification (diet and exercise) when their answers were either \#3 or \#4 after three months.

We examined fasting plasma glucose level, fasting insulin, C-peptide, total cholesterol level, high density lipoprotein (HDL), low density lipoprotein (LDL), triglycerides, serum creatinine, and albumin-to creatinine ratio in a spot urine. We also calculated glomerular filtration rate (GFR) using Cockcroft-Gault equation. Insulin resistance (HOMA-IR) values were determined from the equation \[fasting insulin (µU/mL)×fasting glucose (mmol/L)\]/22.5, and it was considered to be insulin resistance if the values were higher than 1.75.

This study was performed with the approval of the ethical committees at Gyeongsang National University Hospital. All patients agreed with this study after understanding the details of research methods and aims.

Statistics
----------

All data were statistically analyzed by PASW 18.0 software (SPSS Inc., Chicago, IL, USA). Data in figures represent mean (±standard deviation) values. Difference between two groups was evaluated by non-parametric Mann-Whitney U test, and difference between discrete variables was verified by Pearson chi-square test. Correlation between two groups was determined by Pearson\'s correlation coefficient. *p*\<0.05 was considered as significant.

RESULTS
=======

Clinical characteristics of patients at the beginning of the study
------------------------------------------------------------------

The gender ratio of the patients involved in this study was 25 : 26 (male : female), and their average age was 59.57±9.61 years. The average diabetic duration of patients was 9.58±7.04 years, and their body mass index (BMI) was 25.37±3.38 kg/m^2^. Among 51 patients, 16 patients carried out the regular exercise but not the diet control, 4 patients followed the diet control only, and 30 patients did not change both diet and exercise during the research period of three months ([Table 1](#T1){ref-type="table"}). The average level of HbA1c of all patients at three month before the beginning of this study and during the study was 7.39±0.72%, and 7.60±0.51%, respectively, while 64.7% patients (33/51 total) showed HbA1c higher than 7.0% ([Table 1](#T1){ref-type="table"}). The C-peptide concentration was 2.41±1.36 ng/mL, total cholesterol was 162.06±29.92 mg/dL, triglycerides were 143.96±60.65 mg/dL, HDL was 43.75±10.94 mg/dL, and LDL was 93.84±25.92 mg/dL. The average GFR of patients was 93.84±25.92 mg/dL, and 13 patients (25.5%) were associated with diabetic nephropathy. We examined HOMA-IR in only 31 patients, and found the value of 1.16±0.89 ([Table 1](#T1){ref-type="table"}). Even though we did not measure the weight of all patients after three months, we observed no significant change of weight among 32 patients who had been weighed at every visit during three months.

Analyses of blood glucoses and other factors after three months of study
------------------------------------------------------------------------

Three months after the study, 18 patients (35.3%) showed a decrease of HbA1c level, and their average HbA1c level was 6.97±0.47%, indicating a decrease of 0.74±0.27% ([Fig. 1](#F1){ref-type="fig"}). On the other hand, 33 patients (64.7%) revealed no change or rather a slight increase of HbA1c (average of this group, 7.92±0.76%) compared with the beginning value ([Table 2](#T2){ref-type="table"}).

Total 24 patients actually changed their diet and exercise lifestyle because of clinician\'s recommendation, and 14 of them showed a significant improvement of the HbA1c level. Only lifestyle modification was statistically correlated to the decrease of HbA1c (*p*=0.002). When HbA1c levels at the beginning were divided into four different ranges (7.0-7.5%, 7.6-8.0%, 8.1-8.5%, 8.6-9.0%), HbA1c change was not significant compared with the values three months later. Furthermore, there is no significant change in plasma glucose (data not shown). However, any other factors, such as C-peptide, insulin resistance, age, gender, duration of diabetes, BMI, smoking, drinking, HDL, LDL, triglycerides, GFR, or diabetic nephropathy, did not significantly affect the change of HbA1c level after three months ([Table 2](#T2){ref-type="table"}).

Effect of other factors to reach target level of blood glucose
--------------------------------------------------------------

After three months, 11 patients (21.5%) showed a target range of HbA1c level (below 7%). Their average HbA1c was 6.66±0.30%, decreased by 0.59±0.39% from the value at the beginning of the study. In contrast, however, 40 patients (78.5%) had a HbA1c of over 7%. The average HbA1c of these patients was 7.83±0.71%, which was increased by 0.14±0.69% compared with the one three months ago ([Table 3](#T3){ref-type="table"}).

Among these 11 patients who reached the target HbA1c level (below 7.0%), 10 patients answered \"Yes\" to the question of \"did you exactly follow the lifestyle modification\". Also, 14 out of 40 patients who failed to reach the target HbA1c level answered \"Yes\" to this question. Statistical analyses of these data indicated that the lifestyle modification was strongly associated with the decrease of HbA1c to below 7% (*p*=0.001), but not other factors including age, gender, duration of diabetes, HbA1c level three months prior to or when this study began, C-peptide, insulin resistance, total cholesterol, HDL, LDL, triglycerides, GFR, or diabetic nephropathies ([Table 3](#T3){ref-type="table"}).

Finally, we compared overall relationship between lifestyle modification and HbA1c level. Among the 24 patients who carried out the lifestyle modification well, a decrease of HbA1c levels after three months was observed in only 14 patients, whereas 10 patients showed no change or slight increase in HbA1c level. These 10 patients were found to have significantly longer duration of diabetes compared to the other 14 patients whose HbA1c levels were decreased (*p*=0.025) ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

The type 2 diabetic patients generally take more than two medicines for lowering blood glucose, but they encounter unsuccessful glycemia in many cases. In this study we analyzed the relationship between the pattern of lifestyle and glycemic control with 75 patients who refused additional medication, and instead, intended to change the lifestyle. However, 51 patients did not follow the diet and exercise control which we recommended. We re-emphasized this lifestyle modification to these patients and examined HbA1c levels after three months. Eighteen patients (35.5%) showed a decrease of HbA1c. In particular, the HbA1c level of 11 patients (21.5%) was below 7.0% after three months.

These results strongly indicate that the glucose level of about 20% patients who had no intention to control diet or regular exercise improved to normal range through one-time education about lifestyle modification only in the outpatient clinics. In this study, 77.8% of patients who showed decreased HbA1c level indicated that they actually carried out the lifestyle modification. In particular, the diet and exercise control was carried out by over 90% patients who had a decrease of HbA1c to less 7%, suggesting again that counseling and education about lifestyle modification are very important in type 2 diabetic patients who are taking medicines, and this can improve the glucose level of patients without additional medication.

Lifestyle modification including a regular exercise and diet control is absolutely necessary for not only glucose control in type 2 diabetic patients but also prevention of diabetic complications.[@B7]-[@B9] It also influences glucose level and other risk factors for diabetes. For examples, Japan Diabetes Complication Study reported that glucose levels in 2205 type 2 diabetic patients were significantly improved by lifestyle modification.[@B10] According to the study performed in Costa Rica, the weight, glucose level, and HbA1c of diabetic patients were significantly decreased after public health intervention addressing nutrition and exercise.[@B11] Furthermore, this lifestyle modification reduced diabetes-related risk factors such as glucose level, hypertension, or cholesterol and diabetic complications in Swedish diabetic patients.[@B12]

Surprisingly, we showed here in a large-scale study that a simple education and mention for diet and exercise resulted in improvement of glucose level without systematic education and intervention of this lifestyle modification. Based on the present result, we recommend that counseling for a regular exercise and diet control as well as taking medicines is required for all diabetic patients in the clinic, and further suggest to hold the treatment of additional medications, such as insulin, for at least 3 months if the patients who failed to reach a target range of glucose are willing to strictly modify their lifestyle. Furthermore, we expect that the systematic approach for change of lifestyle might help gradually decrease glucose level in type 2 diabetic patients.

Progression of type 2 diabetes is typically accompanied with a gradual decrease of insulin secretion due to the loss of β-cells mass and decline of their function. Based on United Kingdom Prospective Diabetes Study, type 2 diabetic patients have general defect on insulin secretion. Its capacity in diabetic patients is decreased to 50% compared with normal persons and to 25% at 6 years after being diagnosed.[@B1] Therefore, earlier insulin treatment is recommended because of decrease of insulin secretion. Indeed, according to ADA/EASD guidelines published in 2009, an early insulin treatment is recommended in diabetic patients if their HbA1c levels are over 7%.[@B6]

Our result is not against an early insulin treatment, but we rather suggest that there are some possible ways to improve the glucose levels by re-emphasizing the lifestyle modification in patients who are reluctant to the treatment of additional medicines. Aas, et al.[@B13] also reported that lifestyle intervention based on exercise and diet counseling was as effective as insulin treatment. This result was further supported by a study which showed the betterment of glucoses via change of lifestyle in the type 2 diabetic patients who reveal psychological resistance to additional insulin therapy.[@B14]

As shown in the present results, the patients (n=10) with no change or increase in HbA1c levels after three months had a relative long duration period of diabetes, although they answered \"Yes\" to the question of \"did you exactly follow the lifestyle modification\". Therefore, it is suggested that more systematic and close approach would be necessary for the patients who have relatively long duration of diabetes and poor adherence to the therapeutic life style change.

In this study we did not examine the frequency of hypoglycemia before and after the study, and also excluded the patients who had reversible factors causing a temporal increase of glucose level or poor compliance by taking medicines. Furthermore, this study has several limitations. First, we measured only HbA1c levels at a certain period after re-emphasis of lifestyle modification without SMBG. Second, we observed relatively short period (three months) and small numbers of patients for this study. Finally, drug compliance was totally dependent on patient\' comment without systematic and logical survey.

In conclusion, we showed herein that a significant improvement of glycemic control was achieved by a simple educational emphasis of \"you have to do more exercise and control your daily diet\" in a number of type 2 diabetic patients who wanted to keep the current treatment of medicines although their glycemic control was mild or moderately uncontrolled. This result suggested that we can motivate patients to be more concerned and carry out lifestyle modification via counseling in out-patient clinics. However, we need further systematic and long-term follow up studies to confirm the solid relation between the lifestyle modification and blood glucose control in a large group of patients who fail to reach the target level of blood glucose by treatment of OHAs alone.
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###### 

Baseline Clinical Characteristics of the Study Subjects
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Data are shown as n (%) or means±SD. HbA1c, hemoglobin A1c; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; HOMA-IR, Homeostatic Model Assessment-insulin resistance.
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Comparisons of Clinical Factors between Patients with Decreased HbA1c Levels and Patient with Unchanged or Increased HbA1c Levels at the 3-Month Follow-Up Examination
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HbA1c, hemoglobin A1c; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; HOMA-IR, Homeostatic Model Assessment-insulin resistance; TLC, therapeutic lifestyle modification.
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Comparisons of Clinical Factors between Patients with HbA1c \<7% and Patients with HbA1c ≥7% at the 3-Month Follow-Up Examination
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HbA1c, hemoglobin A1c; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; HOMA-IR, Homeostatic Model Assessment-insulin resistance; TLC, therapeutic lifestyle modification.
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Comparisons of Clinical Factors between Patients with HbA1c \<7% and Patients with HbA1c ≥7% Who Intensified Therapeutic Lifestyle Change for 3 Months
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HbA1c, hemoglobin A1c; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol.
